Semiconductor optical amplifiers (SOAS) based on quantum-wells (QW) are reported to have a low noise figure 111 and a large gain bandwidth [21 compared t o bulk SOAs. These features make the QW SOA an attractive component for use as a pre-amplifier in future OEICs. In this paper the optimization of QW-structures for a low noise figure and a high gain is considered. Contrary to previous work 133, our model suggests that the noise figure does not depend critically on the number of wells. In addition, the predictions are compared t o measurements of the noise figure and gain for a multiple quantum-well (MQW) amplifier.
Semiconductor optical amplifiers (SOAS) based on quantum-wells (QW) are reported to have a low noise figure 111 and a large gain bandwidth [21 compared t o bulk SOAs. These features make the QW SOA an attractive component for use as a pre-amplifier in future OEICs. In this paper the optimization of QW-structures for a low noise figure and a high gain is considered. Contrary to previous work 133, our model suggests that the noise figure does not depend critically on the number of wells. In addition, the predictions are compared t o measurements of the noise figure and gain for a multiple quantum-well (MQW) amplifier.
The gain is calculated using the k-p-approximation, taking into account both the conduction bandheavy hole band and the conduction band/ light hole band transitions. The noise figure is found from the formula 121,[41: where T i s the optical confinement factor, ae is the rate of stimulated emission of photons into the optical mode divided by the group velocity of light, g the gain, ysp =Q/g defines the population inversion parameter, aru is the loss in the active layers and ab the loss in the barrier layers. Although small, the barrier loss has substantial effect on the noise figure, due t o the little confinement factor. The increase in junction temperature due to the injection current has been included in the model.
In Fig In the first case the noise figure increases with the number of wells, because the carrier density drops. This is shown in Fig. 2 (open circles) for an 800 pm long amplifier. The bias current is 150 mA. Despite the decreasing carrier density the gain increases with the number of wells as shown in Table 1 . This is due t o the increase in the confinement factor. Thus, a trade-off caxists between noise figure and gain. In the second case the length is reduced as t o keep the active volume constant. The bias current is adjusted t o give a single-pass gain of 20 dB. As seen in Fig. 2 (closed triangles) , the noise figurl. decreases slightly with the number of wells bezause while the carrier density remains constanl;, the influence of the barrier losses are minimized. The benefit of using many parallel wells is reduced by higher operating temperatures as seen in the table where a detailed list of parameters is given. As the dependence of the noise figure on the number of wells is negligible, the optimum well number is 4-6 considering realistic lengths and low operating temperatures. , vol. 26, pp.1910-1917, 1990 
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